Comparison of microstructural traits of Musculus longissimus lumborum in wild boars, domestic pigs and wild boar/domestic pig hybrids
Introduction
The meat of wild boars is considered a delicacy thanks to its good taste and low fat content (ZMIJEWSKI and KORZENIOWSKI, 2001 ). However, the procurement of venison is limited because of the size of the wild boar population and due to species conservation which restricts the hunting season. Pork is the most popular meat in Europe. The high consumption of pork has encouraged researchers to improve its dietetic value and raw material quality. The overall yield of lean meat can be improved by crossing pigs with the wild boar (Sus scrofa ferus). The combination of these phylogenetically different genotypes makes it possible to produce new-quality food that meets the growing nutritional demands of consumers. To meet the demands of consumers, who are increasingly motivated by the health value of food and the conditions under which raw material was obtained, the breeding of wild boar/domestic pig hybrids was started to combine the nutritive value of wild boar meat with the technological value of slaughter material obtained from cultural breeds, i.e. Sus domesticus (WALKIEWICZ et al., 2004) . The aim of the present study was to compare the histological structure of muscles in wild boars, pigs and wild boar/domestic pig hybrids by determining the percentage of different muscle fibre types and diameters and the intramuscular fatty tissue content of the LL.
Material and methods

Animals
The study involved 24 males representing the groups: wild boars, pigs and wild boar/domestic pig hybrids. Wild boars were obtained during hunting in 2005 and 2006 . Pigs were of the Polish Landrace and Duroc breeds. Wild boar/domestic pig hybrids were obtained by crossing Duroc pigs with wild boars (♀ Duroc × ♂ wild boar, 50 % : 50 %). All pigs and wild boar/domestic pig hybrids were kept under the same environment conditions (10 animals in pen) and fed ad libitum by all-mash in accordance with feeding standards for pigs (Feeding standards for pigs, 1993) . The details related to groups of animals are placed in table 1. Determination of the microstructure of LL Samples of the LL were taken from pigs and wild boar/domestic pig hybrids for histological analysis 45 min post mortem. Directly after taking, the samples were frozen in liquid nitrogen at -196 . For wild boars, the whole muscle was chilled and transported to the Laboratory of the Animal Histology Division, where samples were taken and frozen in liquid nitrogen. Frozen muscle samples were cut into 10-μm sections using a cryostat. These were later placed on a glass slide and stained using different histochemical reactions: NADH-TR and myofibrillar ATP-ase activity to distinguish muscle fibre types (STO -slow twitch oxidative, FTO -fast twitch oxidative and FTG -fast twitch glycolytic) according to ZIEGAN (1979) and Oil Red staining to determine the intramuscular fatty tissue content according to DUBOWITZ et al. (1973) . Muscle fibre diameters, percentage of STO, FTO and FTG fibres, number of fibres per 2 mm² area, and intramuscular fatty tissue content per 4 mm 2 area were determined using the Q500MC image analysis system (Leica).
Statistical analysis
Each trait was analysed statistically by calculating the arithmetic mean ( x ) and standard deviation (s). Significant differences between the groups were tested using variance analysis and Duncan's test. All the calculations were made using STATISTICA 5.1 PL software.
Results Table 2 and figures 1-6 shows the results of histological analyses for the LL of wild boars, pigs and wild boar/domestic pig hybrids. The highest percentage of STO (red) fibres was characteristic of the meat of wild boars. The proportion of STO fibres in wild boars was the highest (25.74 %) and differed in comparison with other groups of animals. A similar relationship was found for FTO (intermediate) fibres, which were also the most abundant in the muscle of wild boars (41.08 %). These animals had the smallest number of FTG (white) fibres -33.18 %. The lowest proportion of oxidative fibres STO and FTO (15.06 and 22.73 %) and the highest proportion of FTG fibres (62.21 %) were characteristic of the muscles of Duroc pigs. In wild boar/domestic pig hybrids, there was a decrease in the percentage of oxidative fibres and an increase in glycolytic fibres compared to wild boars. Analysis of the number of muscle fibres in the area studied showed that wild boars had the largest number of fibres (529.83), and Polish Landrace (302.17) and Duroc pigs (305.17) had the smallest number of fibres. Wild boar/domestic pig hybrids had an intermediate value of this trait (424.00 fibres per 2 mm² area). The smallest diameters of all fibre types were found in wild boars . The muscles of Sus scrofa ferus also had the highest intramuscular fatty tissue content (3.11 %), but did not differ significantly in relation to the other groups of animals. a, b = differences significant at p≤0.05; A, B = differences significant at p≤0 Discussion Three types of muscle fibres: STO, FTO and FTG were defined in muscles of wild boars, pigs and wild boar/domestic pig hybrids using combined reaction for determination of activity of two enzymes: NADH-TR and miofibrillar ATP-ase (ZIEGAN, 1979) . It was stated that wild boars had the highest percentage share of oxidative fibres (STO and FTO) and the lowest content of glycolytic fibres (FTG) compared to Polish Landrace, Duroc and wild boar/domestic pig hybrids. In wild pigs, the percentage of FTG fibres in muscle is significantly lower than in domestic pigs (BADER, 1983; SZENTKUTI and SCHLEGEL, 1985) . It was observed that during domestication process, contractile properties of fibres changed into faster twitch character. Similar results in different muscles were also shown in studies of ESSEN-GUSTAVSSON and LINDHOLM (1984) , WEILER et al. (1995 ), FIEDLER et al. (1998 ) and RUUSUNEN and PUOLANNE (2004 . The latest investigations showed that total number of fibres in pig muscles is fixed genetically in prenatal and earlier neonatal period. Postnatal muscle mass depends on increase of muscle fibres length and thickness (ASHTON et al., 2005; KLOSOWSKA et al., 2005; LEFAUCHEUR and ECOLAN, 2005; REHFELDT, 2005; REHFELDT and KUHN, 2006) . The profile of muscle fibres is determined not only by genes and their polymorphism, but by many environmental factors. LEFAUCHEUR and GERRARD (1998) participation of fibres and their diameter depends on species, kind of muscle, breed, sex and animals nutrition. Influence of physical activity is also significant. SZENTKUTI and SCHLEGEL (1985) showed, that higher proportion of type I (STO) in LL of wild boars, is genetically determined. Own research showed, that living conditions together with higher physical activity of wild boars in comparison with pigs and wild boar/domestic pig hybrids, would also have influence on profile of muscle fibres. KLOSOWSKI et al. (1988) obtained similar results conducted in investigations on the European Bison, lowland black-and-white cattle and the hybrids of the European Bison × domestic cattle. Mentioned authors showed higher percentage participation of oxidative type of muscle fibres (STO and FTO) in European Bison compared to hybrids and cattle. As the authors explain there is relationship between physiological function and microstructure of muscle. The muscles of animals living in wild and shifting intensively towards seeking food, carry into effect a long-lasting work, thus exciting mainly in them oxidative metabolism. WATERS et al. (2004) noticed, that endurance training induces angiogenesis in subpopulation of FTG fibres, driving to transformation of white fibres into intermediate fibres (FTO) . In present studies wild boars had also the smallest diameters in all types of fibres and the highest number of fibres per unit of muscle cross section surface. Similar results were given in LACHOWICZ et al. (2004) work, where structure of different muscles of pigs and young wild boars was compared. The wild boars meat had smaller fibre surface, lower intramuscular fat content and thicker peri-and endomysium compared to meat of piglets. The fine fibrous quality, which characterizes wild boar meat in present studies, is a trait of consumer desire and good quality indicator. This is confirmed by results of KLOSOWSKA et al. (2002) and BOGUCKA and KAPELANSKI (2004) studies, which showed, that better meat quality traits were associated with finer microstructure of LL. There were no significant differences between investigated groups of animals in percentage share of intramuscular fatty tissue determined by histochemical method. KORZENIOWSKI et al. (1991) using chemical method, estimated joint of pork fat content in wild boars of different age, on the level of 1.97-4.82 %. Moreover, ZMIJEWSKI & KORZENIOWSKI (2001) got the percentage share of intramuscular fat in M. longissimus dorsi at the level of 1.95 %, and in ham muscles -2.76 %. In the present study, fat content appeared to be higher. The possible reason is that wild boar biological material was obtained in autumn-winter hunting season, when body weight and fatness of Sus scrofa ferus are higher than in remaining seasons. It is also visible, that STO fibres diameter in wild boars is the biggest and it even excels the diameter of FTG fibres. As it is shown in many studies conducted by diverse authors (KLOSOWSKA et al., 1998 (KLOSOWSKA et al., , 2002 KAPELANSKI, 2004, 2005) on meat of pigs, diameters of FTG fibres are always bigger compared to STO fibres diameters. In conclusion, the present study showed that the highest proportion of STO and FTO oxidative fibres, being indicative of high meat value, was characteristic of wild boar muscles. The lowest diameters of all three muscle fibre types, associated with the largest number of fibres in the analysed area, suggest that the meat had the most delicate structure. Compared to wild boars, wild boar/domestic pig hybrids showed a decrease in the percentage of oxidative fibres and an increase in the percentage of glycolytic fibres. The diameters of all muscle fibre types in this group of animals were similar to those obtained in pigs.
